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INTEGRATED CIRCUIT CONFIGURATION AND PRODUCTION METHOD 


5 Cross-Ref erence to Related Application : 


lU 


lis application is a continuation of copending International 
ApplicationNo?~''P6?T'iDE55_^02927 , filed September 14, 1999, 
which designated the United States 


'SO Background of the Invention : 


Field of the Invention : 
The invention lies in the integrated technology field and 
relates, more specifically, to an integrated circuit 


fil configuration which, in particular, can be implemented by 

lU 

"lis using copper as conductive material. 

New materials are increasingly being sought for future use in 
integrated circuit configurations. Among others, copper is 
being investigated as conductive material. 

20 

In these new materials, one of the problems which arises is 
that semiconductor wafers, in particular silicon wafers, are 
contaminated by this material . 

25 It has therefore been proposed (see, for example, M. Woo et 
al . , 1998 Symp. VLSI Technology Digest of Technical Papers, 
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pages 12-13, or L. Su et al . , 1998 Symp. VLSI Technology 
Digest of Technical Papers, pages 18-19) , in integrated 
circuits which contain copper as conductive material, to 
provide an insulating diffusion barrier between such 
conductive structures made of copper and the semiconductor 
substrate and, in the region of contacts of the conductive 
structure, to provide a conductive barrier to the 
semiconductor substrate. The intention of these barriers is to 
prevent diffusion of the contaminating conductive material 
from the conductive structure to the semiconductor substrate. 

Furthermore, it has been proposed to provide diffusion 
barriers above such conductive copper structures. The barriers 
are to prevent the diffusion of copper into dielectric layers 
which are used as so-called intermetall ic dielectric between 
different metalization planes. 

In order to produce an integrated circuit having two planes -of 
conductive structures made of copper, it has become known (see 
for example M. Woo et al . , 1998 Symp. VLSI Technology Digest 
of Technical Papers, pages 12-13 or L. Su et al . , 1998 Symp. 
VLSI Technology Digest of Technical Papers, pages 18-19) 
firstly to form the lower plane of conductive structures from 
copper. This lower plane is separated from the semiconductor 
substrate by diffusion barrier layers, conductive diffusion 
barriers being used in the region of contacts. An insulating 
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diffusion barrier layer is applied to the entire area of the 
lower metalization plane, and a further dielectric layer, in 
which contact holes to the conductive structures of the lower 
metalization plane are opened, is applied to the insulating 
diffusion barrier layer. Then, firstly an electrically 
conductive barrier is applied and then the contact holes are 
filled with copper. 

It has been shown that, even in that structure, contamination 
of the dielectric layer by copper occurs. 

Summary of the Invention : 

It is accordingly an object of the invention to provide an 
integrated circuit configuration and a method of producing the 
same, which overcome the above-mentioned disadvantages of the 
heretofore -known devices and methods of this general type and 
wherein the resulting circuit has at least two conductive 
structures and in which diffusion of the material from the 
conductive structures into the surrounding material is 
avoided. It is a further object of the invention to provide 
for a method of producing such an integrated circuit 
configuration . 

With the foregoing and other objects in view there is 
provided, in accordance with the invention, an integrated 
circuit configuration, comprising: 
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an insulating layer formed on a substrate; 

a first conductive structure embedded in the insulating layer; 

a diffusion barrier layer and a second insulating layer 
disposed above the first conductive structure and being formed 
with a contact hole reaching as far as the first conductive 
structure and having side walls; 

a second conductive structure disposed in the contact hole and 
conductively connected to the first conductive structure; and 

spacers formed on the side walls of the contact hole above the 
diffusion barrier layer, the spacers acting as a barrier to 
diffusion of a material from the first conductive structure 
into the second insulating layer and reaching as far as a 
surface of the diffusion barrier layer. 

In other words, there is provided in the circuit configuration 
according to the invention a first conductive structure, which 
is embedded in a first insulating layer. Above the first 
conductive structure there are arranged a diffusion barrier 
layer and a second insulating layer, in which a contact hole 
is provided which reaches as far as the first conductive 
structure. Above the diffusion barrier layer, the side walls 
of the contact hole are provided with spacers which act as 
barriers to diffusion of the material from the first 
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conductive structure into the second insulating layer and 
which reach as far as the surface of the diffusion barrier 
layer. A second conductive structure, which is conductively 
connected to the first conductive structure, is arranged in 
the contact hole. 

In order to produce an integrated circuit configuration of 
this type, the dif fusion . barrier layer is applied to a 
substrate which has at least the first insulating layer with 
the first conductive structure. The second insulating layer is 
applied to the diffusion barrier layer. The contact hole is 
etched in the second insulating layer, above the first 
conductive structure, in which hole the surface of the first 
conductive structure is covered with the diffusion barrier 
layer. Then, on the side walls of the contact hole, the 
spacers are formed, which act as barriers to diffusion of the 
material from the first conductive structure into the second 
insulating layer. Then, the contact hole is opened as far as 
the surface of the first conductive structure and provided 
with the second conductive structure. 

Since the side walls of the contact hole are covered with the 
spacers, which have a diffusion barrier effect, before the 
surface of the first conductive structure is exposed in the 
contact hole, in this circuit configuration the situation is 
avoided where, when the contact hole is opened, material 
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removed at the surface of the first conductive structure 
during the opening of the contact hole is deposited onto the 
side walls of the second insulating layer. Depositions of this 
type during the etching of the contact hole are considered to 
be responsible for the fact that, in the circuit 
configurations produced in accordance with known methods, in 
spite of the use of diffusion barriers, contamination of the 
dielectric layers occurs. In the method according to the 
invention, such deposition can take place only at the surface 
of the spacers or of the diffusion barrier layer. Since the 
spacers and the diffusion barrier layer constitute a diffusion 
barrier, contamination of the second insulating layer is 
effectively prevented. 

In accordance with an added feature of the invention, the 
spacers are electrically conductive, that is, the spacers are 
preferably formed from electrically conductive material with a 
diffusion barrier effect. In this case, the effective 
conduction cross section of the second conductive structure is 
enlarged by the spacer cross-sectional area. 

In order to avoid short circuits between the first conductive 
structure and adjacent conductive structures, it is 
advantageous to provide the diffusion barrier layer from an 
insulating diffusion barrier material, in particular SiN or 
SiON. 
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In accordance with an additional feature of the invention, an 
electrically conductive first diffusion barrier structure 
adjoins the first conductive structure at least beneath and to 
a side thereof and acts as a barrier to diffusion of material 
from the first conductive structure. 

In accordance with another feature of the invention, an 
electrically conductive second diffusion barrier structure 
adjoins the second conductive structure at least beneath the 
second conductive structure and acts as a barrier to diffusion 
of material from the second conductive structure. 

In accordance with a further feature of the invention: 

the first conductive structure and/or the second conductive 
structure contain copper, silver, gold, platinum, or 
palladium; 

the spacers, and/or the first diffusion barrier structure, 
and/or the second diffusion barrier structure contain Ta, TaN, 
Ti, or TiN; and 

the diffusion barrier layer and/or the spacers contain SiN or 
SiON. 
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More generally, the circuit configuration according to the 
invention, and the method for its production, can 
advantageously be applied when using materials for the first 
conductive structure and/or the second conductive structure 
5 which exhibit high diffusion into adjacent material. In 

particular, the circuit configuration and the method for its 
production can advantageously be applied when using copper, 
silver, gold, platinum or palladium for the first conductive 
structure and/or the second conductive structure. 

01 0 

All materials with a diffusion barrier effect are suitable for 
^ the spacers, in particular SiN, SiON, Ta, TaN or Ti or TiN, 
^ conductive materials being preferred with regard to the 
7i conduction cross section. 



With the above and other objects in view there is also 
provided, in accordance with the invention, a method of 
producing an integrated circuit configuration. The method 
comprises the following steps: 

2 0 forming a diffusion barrier layer on a substrate having at 
least a first insulating layer with a first conductive 
structure embedded therein; 

forming a second insulating layer on the diffusion barrier 
layer; 
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etching a contact hole into the second insulating layer above 
the first conductive structure, wherein the surface of the 
first conductive structure is covered with the diffusion 
barrier layer within the hole; 

5 forming spacers on side walls of the contact hole, the spacers 
acting as a barrier to diffusion of a material from the first 
conductive structure into the second insulating layer; 

opening the contact hole as far as a surface of the first 
conductive structure; and 

10 forming in the contact hole a second conductive structure 
conductively connected to the first conductive structure. 

The first conductive structure preferably adjoins a first 
diffusion barrier structure which is electrically conductive 
15 and which is arranged at least beneath and to the side of the 
first conductive structure and which acts as a barrier to 
diffusion of the material from the first conductive structure 
into adjacent material. In particular, Ta, TaN, Ti or TiN are 
suitable for the first diffusion barrier structure. 

20 

Moreover, it is advantageous, beneath the second conductive 
structure, to provide a second diffusion barrier structure 
which is electrically conductive and which adjoins the second 
conductive structure underneath and acts as a barrier to 

-9- 


GR 98 P 2661 

diffusion of the material from the second conductive 
structure. In particular, Ta, TaN, Ti or TiN are also suitable 
for the second diffusion barrier structure. 

5 Other features which are considered as characteristic for the 
invention are set forth in the appended claims. 

Although the invention is illustrated and described herein as 
embodied in an integrated circuit configuration and method for 
its production, it is nevertheless not intended to be limited 
to the details shown, since various modifications and 
structural changes may be made therein without departing from 
the spirit of the invention and within the scope and range of 
equivalents of the claims. 

The construction and method of operation of the invention, 
however, together with additional objects and advantages 
thereof will be best understood from the following description 
of specific embodiments when read in connection with the 
accompanying drawings . 

Brief Description of the Drawings : 

Fig. 1 is a section through a substrate having a first 
insulating layer, in which a first conductive structure is 
2 5 embedded, having a diffusion barrier layer, which covers the 
first conductive structure, and having a second insulating 
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layer, in which a contact hole is opened as far as the surface 
of the diffusion barrier layer; 

Fig. 2 is a section through the substrate after the deposition 
5 of a conformal barrier layer; 

Fig. 3 is a section through the semiconductor substrate after 
the formation of spacers with a diffusion barrier effect on 
the side walls of the contact hole; 

|o 

=^ Fig. 4 is a section through the semiconductor substrate after 
H exposure of the surface of the first conductive structure 
^ within the contact hole; and 

JL5 Fig. 5 is a section through the semiconductor substrate after 
^ the formation of a second conductive structure. 

Description of the Preferred Embodiments : 

Referring now to the figures of the drawing in detail and 
20 first, particularly, to Fig. 1 thereof, there is seen a 

semiconductor substrate which has at least one passivation 
layer 1 and an insulating diffusion barrier layer 2 formed on 
the passivation layer 1. The semiconductor substrate consists 
of substantially monocrystalline silicon, the passivation 
25 layer 1 of SiOz and the insulating diffusion barrier layer 2 

of SiN. Provided in the passivation layer 1 and the insulating 
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diffusion barrier layer 2 is a terminal 3 made of polysilicon 
or tungsten, which is provided in order to make contact with a 
component implemented in the semiconductor substrate 
underneath the passivation layer 1. 

Applied to the surface of the insulating barrier layer 2 are a 
first insulating layer 4 of Si02 or an organic or inorganic 
material with a lower dielectric constant than Si02 - known in 
the art as so-called low k material - for which polyamide or 
substances with the commercial designation PBO, BCB, Flowfill 
or Silk are suitable, in a layer thickness of 0 . 1 |im to 2 ^m. 
Formed in the first insulating layer 4 (formed by building an 
opening, depositing a first conductive barrier layer of Ta and 
depositing a copper layer, and also subsequent chemical 
mechanical polishing until the surface of the first insulating 
layer 4 is exposed) are a first diffusion barrier structure 5 
and a first conductive structure 6. The first diffusion 
barrier structure 5 adjoins the sides and the bottom of the 
first conductive structure 6. It prevents any diffusion of the 
copper from the first conductive structure 6 into the first 
insulating layer 4, and also into the terminal 3 located 
underneath and, via the latter, into the semiconductor 
substrate. The first conductive structure 6 is embedded in the 
first insulating layer 4. 
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Next, a first diffusion barrier layer 7 of SiN is applied in 
the lowest possible layer thickness of typically < 100 nm, 
preferably 10 to 50 nm. Applied to the diffusion barrier layer 
7 is a second insulating layer 8 of Si02 or a low k material 
5 in a layer thickness of 0 . 1 [im to 2 yim. With the aid of an 
etching mask 9, a contact hole 10 is opened in a plasma 
etching process, the hole being arranged above the first 
conductive structure 6 and reaching as far as the surface of 
the diffusion barrier layer 7. 

Iz If the second insulating layer 8 consists of Si02, the etching 
If. mask 9 is formed of photoresist, polyimide or photoimide, and 
['~ the plasma etching process is carried out by using an etching 
y gas containing CF4, CHF3 and/or C4F8. 

Ills 

1=* If the second insulating layer 8 consists of low k material, 
the etching mask 9 is formed of SiOa, SiN or SiON, and the 
plasma etching process is carried out with an etching gas 
containing O2 with the addition of N2 , CF4 or the like. 

20 

With reference to Fig. 2: After the etching mask 9 has been 
removed, a conformal diffusion barrier layer 11 of Ta is 
deposited, in a layer thickness of 10 to 50 nm, by means of 
PVD (Physical Vapor deposition) or CVD (Chemical Vapor 
25 deposition) . 
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By means of anisotropic etching with fluorine chemistry (CF4, 
CHF3, for example CF4 + O2) , spacers 11' are formed from the 
conformal barrier layer 11 on the side walls of the contact 
5 hole 10. The spacers 11' consist of TaN and have a diffusion 
barrier effect against copper (see Fig. 3) . The spacers 11' 
reach as far as the surface of the first diffusion barrier 
layer 7 . 

By means of anisotropic etching with fluorine chemistry, the 
diffusion barrier layer 7 is structured, so that the contact 
hole 10 reaches as far as the surface of the first conductive 
structure 6. During this etching step, that surface of the 
second insulating layer 8 that faces the contact hole is 
covered with the spacers 11', so that any deposition of 
material removed at the surface of the first conductive 
structure 6 onto the flanks of the second insulating layer 8 
which face the contact hole 10 is avoided (see Fig. 4) . 
Alternatively, the etching of the spacers 11' and the 
structuring of the diffusion barrier layer 7 can be carried 
out in one etching step. 


Then, a second conductiVe diffusion barrier layer is 
deposited, which covers the surface of the second insulating 
25 layer 8, the spacers 11' and the exposed surface of the first 
conductive structure 6. The \econd conductive diffusion 
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barrier layer is formedSof TaN, in a layer thickness of 10 nm 
to 50 nm, by means of PWD or CVD deposition. By depositing a 
further copper layer, whl.ch fills up the remaining clearance 
in the contact hole 10, Aid structuring the copper layer and 
5 the second conductive diffusion barrier layer arranged 
underneath it, a second diffusion barrier layer 12 and a 
second conductive structure 13 are formed, the latter being 
conductively connected to tne first conductive structure 6 
(see Fig. 5). The second conductive structure 13 is configured 
10 as a conductor track belongimg to a metalization plane. 
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